t 

flHTLL 



MPY-19-2004 17:15 CflHTLL UON HELLEhG OND GL 6024959475 P. 02/^ 



ApplNo. 10/074,119 

Amdt doted May 19> 2004 

Reply to Office action of Nov. 19, 2003 



Amendments to the Claims: 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims; 

1. (currently amended) A method of operating an LCD display, the LCD display 
including pixels arranged in an array of rows and columns, row driver circuitry including a row 
driver for each row of the array, the row driver circuittv fop applying a row enable signal to a 
selected one of the rows to enable the pixels within the selected row, and column driver circuitry 
including a column driver for each colimm of the airav, for driving voltages onto the columns of 
the LCD display for storage in the pixels of the selected row, the columns of the LCD display 
including at least a first column located relatively proximate to the row drivg- circuitry and at 
least a second column located relatively distant firom the row driver circuitry, the row enable 
signal being subject to a propagation delay as it is conducted along the selected row as measured 
between the first column and the second column, the method comprising the steps of: 

a. applying tiie row enable signal to a first selected row of the LCD display via the 
row driver circuitry at a first predetemiined time and for a predetermined duration: 

b. enabling a first column driver for applying a first driving voltage onto the first 
column of the LCD di^lay at a second predetemuxied time and during said first 
predetermined duration to transfer the first driving voltage onto a first pixel located at an 
intersection of the first column with the first selected row; 

c. enabling a second column driver for applying a second driving voltage onto the 
second column of the LCD display at a third predetermined time and during said first 
predetennined duration to transfer the second driving voltage onto a second pixel located 
at an intersection of the second column with the first selected row; and 

d. delaying the third predetermined time beyond the second predetennined time by 
a delay that is approximately equal to the propagation delay but.less than said fiTSt 
predetemiined duration. 
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2, (original) The method of claim 1 wherein each voltage driven onto a selected 
column of the LCD display is also subject to a column propagation delay as it is conducted 
along the selected column as measured between flie column driver circuitry and a row relatively 
distant from the column driver circuitry, the method further comprising the steps of; 

e. applying a driving voltage onto the selected column of the LCD display at a first 
predetermined time; and 

f. enabling a row driver for applying the row enable signal to the row relatively 
distant from &e column driver at a second predetermined time delayed beyond the first 
predetermined time by a delay that is approximately equal to the column propagation 
delay. 

3. (currently amended) A method of operating an LCD display, the LCD display 
including pixels arranged in an array of rows and columns, row driver circuitry including a row 
driver for each row of the array for applying a row enable signal to a selected one of the rows to 
enable the pixels within the selected row, and column driver circuitry including a column driver 
for each column of the array for driving voltages onto the columns of the LCD display for 
storage in the pixels of the selected row, the rows of the LCD display including at least a first 
row located relatively proximate to tiie column driver circuitry and at least a second row located 
relatively distant from the column driver circuitry, each voltage driven onto each colurrms of the 
LCD display being subject to a column propagation delay as it is conducted along the column as 
measured between the colurrm driver circuitry and the second row, the method comprising the 
steps of: 

a. applying driving voltages onto the colunms of the LCD display at a first 
predetermined time; and 

b. enabling a row driver for applying the row enable signal to the second row at a 
second predetermined time delayed beyond the first predetermined time by a delay that is 
approximately equal to the colunm propagation dela y, the row enable signal being 
a pplied for a pred^ermincd duration: and 
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c- storing the driving voltages driven onto the c ftlnmng nf the LCD display into each 
of the pixels of the enabled row during such predetermined dnration> . 

4. (currently amended) A method of compensating for propagation delay of a display 
line signal in a display having display elements accessed by an array of row display lines and 
column display lines, the display including a plurality of r ow drivers corresponding to the 
number of rows in the arrav. and including a plurality of colum n drivers corresfponding to the 
number of columns in the array, each display el^ent being addressed bv applying a row enable 
signal for a piedetenmined duration to the r^^plavJ^^ i n which such display elemenUies 
and bv applying a column driving signal to the column/disp lav h'ne in which such display 
element lies, a plurality of the display elements in a particular now of the display being 
addressed during the predetermined duration of the row ^ ble sienal, the method comprising 
the steps of: 

a. generating a display line timing signal; 

b. generating a first plurality of delayed display line timing signals in response to 
the display line timing signal; and 

c. activating o ne o f at least one a row display line for said predetermined duration: 

and 

4 activating at least one column display line in response to each of the first 
plurality of delayed display line timing signals^hile activating aU of Ihe column display 
lines during said predetermined duration . 

5. (original) The method of claim 4, wherein the step of generating a first plurality of 
delayed display line timing signals comprises: 

approximating a first propagation delay for the display line signal to propagate from its 
source to a pixel associated with a first colunm display line; and 

generating one of the first plurality of delayed display line timing signals to include a 
delay substantially equal to the approximated first propagation delay for the display line signal. 
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6. (original) The method of cMm 4, furth^ comprising the steps of: 

generating a second plurality of delayed display line timing signals in response to one or 
more of the first plurality of display line timing signals; and 

activating one of the at least one row display line and at least one column display line in 
response to each of the second plurality of delayed display line timing signals. 

7. (original) The method of claim 4, further comprising the steps of: 
tracking which display line of a plurality of display hnes is next to be activated; 
selecting one of the first plurality of display line timing signals in response to the 

tracking of which display line is next to be activated; and 

activating a display line in response to the one of the first display line timing signals. 




8 , (original) The method of claim 4, wherein the display line tuning signal comprises 
signal components to activate a plurality of display lines at varying times. 



9. (original) The method of claim 8, further comprising the step of generating a 
second plurality of delayed display line timing signals in response to a first component of the 
display line timing signal. 

10. (original) Hie method of claim 9> fiirther comprising the steps of: 
removing the first component of the display line timing signal; and 
generating a second plurality of delayed display line timing signals firom a second 

component of the display line timing signal. 

1 1 . (original) The method of claim 9, further comprising activating at least one display 
line in response to each of the second plurality of delayed display line timing signals. 
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12. (cuireatly amended) a Hicplay line driver cirouit for a displa y, the display including 
display elements arranged in an array of rows and columns and includin g a plurality of row 
drivers coiresDonding to the number of rows in the array, and including a plurality of column 
drivers corresponding to the number of columns in the airav. each d isplay element being 
addressed bv applying a row enable signal for a predetermi ned duration to the row in which such 
display element lies and bv applying a colrnnn driving signal to the c olumn in which such 
display element lies, a plurality of the display elements in a partic ular row of the display being 
addressed during the predetennined durat ion of the row enable signal, the display line driver 
circuit cifcui t iy generating display line timing signals, and comprising: 

a. a first plurality of delay elements operatively coupled together such that a signal 
propagating through the first plurality of delay elements is increasingly delayed as it 
propagates through each successiye delay elemoit; 

b. a plurality of signal taps> each coupled between a selected pair of delay 
elements; and 

c. at least one display line associated with each signal tap. 

13 . (original) The display line driver circuit of claim 1 2 wherein each of the first 
plurality of delay elements comprises at least one of a resistive and a capacitive element. 

14. (original) The display line driver circuit ofclaim 12 wherein the first plurality of 
delay elements comprises a delay locked loop circuit. 

15. (currently amended) The display line driyer circuit of claim 12 wh e i - ein the display 
di ' ivcr circuit is a fiirther including a plurality of column hne driver citetnt group circuits each 
coupled to at least one of said signal tans and tlic at lea5t e nd display line c o mprises ahgrrin 
each column line driver group circuit has a plurality of colimm signal lines line gr o upa each 
MMfciated with a e o lmim di ' ivei ' circuit associated therewith . 
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16. (original) The display line driver Circuit of claim 15 
generator coupled to each signal tap. 

17. (original) The display line driver circuit of claim 16 wherein each pulse generator is 
coupled to its respective signal tap through an inverter. 

18. (original) The display line driver circuit of claim 14 further comprising a delay 
locked loop adjustment circuit 

19. (currmtlyam«ded) Tlic display liut diiver eiituii of fclainH -ft A display line 
driver circuit for a display i n cluding display elements arranged in an airay ofum$ and CQhpnns, 
l^he display line driver circuit generating dist>lav line tim ing signals, and comprising: 

a^. a first plurality of delay elements operativelv c oupled together such that a signal 
propagating through the first plurality of delay elements is increasing ly delayed as it 
propagates through each successive delay element the first plurality of delay elements 
including a delay locked loon circuity. 

K a Plurality of si gnal tans, each coupled between a selected pair of del^g 
g^gments: and 

at least one display line as sociated with each signal tan; and 
d. a delay locked loop adjustment circuit: 

6^ whe r ein the delay locked loop circuit includes an input and an output [,] i and 

f wliwin the delay locked loop adjustment circuit comprises: 

a - ealibrati o n pulse generat t ^i ' coupled be t ween au input of the delay l o cked lo op 

circuit and a switch, whcicin the calibrati o n pulse gcnei ' atoi is c o nfiguiul to setoetively 

activate tlie CAlibrati o n circuit in r es po nse to an input t o the delay locked lo o p circuit; 
a iiisl i^umpaiatoi coupled to an output of tli^^ delay l o cked l o op ci r cuit; 

yyai'iable impedance clciucnt coupled be t ween au inverting input of a second 

c o mparat or and a fir s t r tfcrcnce v o ltage; 
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a firs t fix o d iiiip*^dAiiee dtmuit couplod bc t we c ii a aecoad icfucixce v o ltage and a 

liuiifiiweiliiig iiiput to flit 5uumd c^mpai - at o r and 

a &cLuml flAul miptdaacc toupkd be t ween tlic nwinv&rtLig input to of the sBc o nd 
cui»parator aiid tin!, fu ' &t refeicuco voltage, wherein aa c mtput o f tlic sccoad comparat or 
is ujuplul to an mvcrting iiiput of the fiigt comparat o r. 

[a.] i) a calibration pulse generator coupled to the input of the delay looked loop 
circuit; 

[b.] iii a first comparator having an mverting iaputy a non-inverting input, and an 
output, the non-inverting input being coupled to the output of the delay locked loop 
circuit; 

[c] iiil a second comparator having an inverting input, a nonfinverting mput, and 
an output, the output of the second comparator being coupled to the inverting iiqiut of 
Hie first comparator; 

[d.] ivl a variable impedance element coupled between the inverting input of the 
second comparator and a first reference voHage; 

[ej v) a first impedance element coupled between a second reference voltage and 
the non-inverting input of the second comparator; and 

[f] vji a second fixed impedance coupled between the non-mverting mput of the 
second comparator and the first reference voltage. 

20. (original) The display line driver circuit of claim 1 8 wherein the delay locked loop 
adjustment circuit comprises a variable resistor coupled in parallel with a capacitor. 

2 1 . (original) The display line driver circuit of claim 20 wherein the delay locked loop 
adjustment circuit includes a variable resistance> the delay locked loop adjustment circuit being 
configured to increase a relative delay of the delay elements as the variable resistance is 
increased, and to decrease the relative delay of the delay elements as the variable resistance is 
decreased. 
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22. (originaJ) The display line driver circuit of claim 15. wherein each column line 
driver group circuit comprises: 

a. a second plurality of successive delay elements operatively coupled together 
such that a signal propagating through the second plurality of delay elements is 
increasingly delayed as it propagates through each successive delay element; 

b< a plurality of signal taps each coupled between a selected pair of successive 
delay elements within the second plurality of successive delay elements; and 

c. at least oqe column signal line associated with each signal tap. 

23. (original) The display line driver circuit of claim 12 wherein the display line driver 
circuit is a row driver circuit, and wherein the at least one display line associated with each 
signal tap includes a plurality of row line groups, each of the plurality of row line groups being 
associated with a signal tap, and each of the plurality of row line groups having a plurality of 
row lines associated therewith. 



24. (original) The display driver ofclaim 23, wherein the row driver circuit 
sequentially initiates each row of each plurality of row lines with a signal having a delay 
corresponding to the row line group with which it is associated, 

25. (original) The display driver of claim 24, further comprising a row counter cir^^ 
for tracking the sequential initiation of row lines and for selecting an appropriate signal tap 
through which a row initiation signal is to be received for each row line. 

26. (currently amended) A display having pixels arranged in an array of rows and 
columns, row driver circuitry including a row driver for each row of the array, the row driver 
circuitry for applying a row enable signal to a selected one of the rows to enable the pixels 
within the selected row, and column driver circuitry including a column driver for each column 
of the array for driving voltages onto the columns of the display for storage in the pixels of the 



Paec 9 of 21 

PAGE11I23'RCVDAT5/19I20047:55:45PM [Eastern Daylight T^^^ 



riPY-19-2004 17:17 CRHILL UON HELLENS AND QL 6024959475 P. 10/06 



Appl.No. 10/074,119 

Amdt. dated May 19, 2004 

Reply to Ofiice action of Nov. 19, 2003 



a) 



selected row. the colunms of the display including at least a first column located relatively 
proximate to the row driver circuitry and at least a second column located relatively distant from 
the row driver circuitry, the row enable signal being subject to a propagation delay as it is 
conducted along the selected row as measured between the first column and the second column, 
the display comprising: 

a. a first plurality of delay elements within the colunm driver circuitry which are 
operatively coupled together such that a sigqal propagating through the first plurality of 
delay elements is increasingly delayed as it propagates through each successive delay 
element; and 

b. a signal tap associated with the second column coupled at a selected point 
between two of the delay elements such that the delay of the signal propagating tbrougfh 
ihe first plurality of delay elements at that selected point is substantially equal to the 
propagation delay of the row enable signal alon p the selected row when it reaches the 
second colunm. 



27. (original) The display of claim 26, wherein the first plurality of delay elements 
comprises at least one element selected fi-om the group of elements that includes resistive and 
capacitive elemrats. 



28. (original) The display ofclaim 26, wherein the first plurality of delay elements 
comprises a delay locked loop circuit. 

29 s (original) The display ofclaim 26 fiirflier comprising a group of columns associated 
with a column group driver circuit for driving voltages onto each colunm of the group, said 
group of columns including the second column. 



30. (original) The display ofclaim 29 fiirther comprising a first pulse generator coupled 
to the signal tap. 
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3 1 . (original) The display of claim 30 fiirther comprisiiis a second pulse generator 
coupled to the signal through an inverter. 

32. (original) The display of claim 29 fiirthw comprising a delay locked loop 
adjustment circuit 

33. (cunently amended) Thediaplay o f tkim32 A display having pixels arranged in 
an array of h>wb and cQhrnins. row driver dicuitr v for aonlvinff a tow enable .siaial to a selected 
^ne of the rows to enable the pixels w ithin the selected row, and ftAlimin driver drcuiti-v for 
driving voltages onto the cotrnnns of the disnlav fo r atortige in the pixels of the selected row, the 
columns of the display including at least a first column located relatively proximate to the row 
driver oirouitrv and at least a second column located relatively distant finom ttie row driver 
circuitry, the row enable signal beine subject to a propagation delav as it is conducted along the 
selected row as measured between the first column and the second column, the display 
comprising: 

ji a first Plurality of delav elements within Ae column driver circuitry which are 
operatively coupled together such that a signal p Tonagating through the first plurality of 
delay elemente is increaringlv delayed as it pninagates th rough each successive delay 
element: 

jj} ^ipnal tap as sociated with the second column coupled ai a selected point 
^«^een two of the delav elements such that the /'"t^y T^f til? ^f"^^ pmnagating through 
the first plurality of delay elements at flat selec ted point ia suhfltflntiallv eaual to the 
propagation delay of the row enable signal when it reaches the second column: 

iiO a group of columns associated with a column group driver circuit for driving 
voltapes onto each column of the group, said group of columns ir nli^t^iinp; the second 
ftohiirip; and- 

iv) wlifcf ein t h e adelay locked loop adj ustment circuit eompmcs: including! 

a. a calibration pulse generator coupled to the input of the delay locked loop circuit; 
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b. a first comparator having an inverting input, a non-inverting inputs and an 
output, the non-inverting input being coupled to ttie output of the delay locked loop 
circuit; 

c. a second comparator having an inverting input, a non-inverting input» and an 
output, the output of the second comparator being coupled to the inverting input of tiie 
first comparator; 

d. a variable impedance element coupled between the inverting input of the second 
comparator and a furst reference voltage; 

e. a first impedance element coupled between a second reference voltage and the 
non-inverting input of the second comparator; and 

f. a second fixed impedance coiq)led between the non-inverting it^ut of the second 
comparator and the first reference voltage. 

34. (original) Thedisplayofclaim32 wherein the delay locked loop adjustment circuit 
comprises a variable resistor coupled in parallel with a fixed capacitor. 

35. (original) The display of claim 34 wherein the delay locked loop adjustment circuit 
includes a variable resistance, the delay locked loop adjustment circuit being configured to 
increase a relative delay of the delay elements as the resistance of the variable resistor is 
increased, and to decrease the relative delay of the delay elements as the resistance of the 
variable resistor is decreased. 

36. (currently amended) The display ofclaim 29, wherein the column driver group 
circuit comprises: 

a. a second plurality of successive delay elements operatively coupled together 
such that a signal propagating through the second plurality of delay elements is 
increasingly delayed as it propagates through each successive delay element; 
b. a signal t^ associated with a third column among the column group and coupled at a 



a! 
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selected point between two of the suecessive delay elements within the second plurality of 
successive delay elements; such Aat the delay of the signal propagating through the second 
plurality of successive delay elements at that selected point is substantially equal to the 
propagation delay of the row enable signal along the selected row when it reaches the third 
column. 

37. (cuirently amended) The display of claim 26 wherein the row driver circuitry is 
^^^4^^..^A o«r.^tioiiY i^M^ Apply row enable signal to each row associated with the row 
driver circuitry at predetennined intervals, the row driver circuitry having associated therewith 
at least a first row located relatively proximate to the column driver circuitry and at least a 
second row located relatively distant from the column driver circuitry, each voltage driven onto 
a column being subject to a propagation delay as it is conducted along the selected column as 
measured between the first row and the second row, the display further comprising: 

a. a plurality of successive row signal delay elements within the row driver 
circuitry which are operatively coupled together such that a signal propagating through 
the plurality of successive row signal delay elements is increasingly delayed as it 
propagates through each successive row delay element; 

b. a plurality of signal taps associated with selected points among the plurality of 
successive row signal delay elements; and 

c. circuitry configured to select a first signal tap from among the plurality of signal 
taps which will aq^proxiroate the propagation delay of the voltage driven onto a column 
as it reaches the second row. 

38. (currently amended) A display signal timing controller for a display having a 
plurality of display elements arranged in an array of rows and columns, row driver circuitry for 
applying a row enable signal to a selected one of the rows in response to a row timing signal, the 
row enable signal being subject to a propagation delay as it is conducted along the row, and 
column driver circuitiy for driving voltages onto the columns of the display for storage in the 
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pixels of the selected row in xesponse to a colmnn timing signal, the voltage driven onto the 
column also being subject to a propagation delay as it is conducted along the column, the 
display signal timing controller comprising: 

a. a delay locked loon circuit including a plurality of delay elements coupled in 
series for delaying a jHrst display timing signal; 

b. a plurality of taps coupled between select delay elements of the plui ' ali t y o f 
Jtlay clonenta delay locked loon circuit for tapping delayed portions of the first display 
timing signal; and 

c. output curcuitry configured to generate a second display timing signal in 
response to the first display timing signal, llie second display timing signal hAving aiaual 
tumpoULuU tuiiuapundina to catli of the delayed p o rti o ns o f the tapped first di&play 
Lii ii i i tg algii^ tfie output drcuitTY being coupled to said plur a lity of taps and being 

responsive to the tanned delayed portions of the first display timing signal, the second 
display timing signal chanedng state to a first condition in respo nse to the receipt of the 
first display timing signal and maintaininp the se cond display timing signal in the first 
condition at least until all of the tapped delayed porti ons of the first display timing signal 
have been received, 

39. (currently amended) The display signal timing controller of claim 38 fiirtfaer 
oomprismg a plurality of display driver circuits, wherein each of the display driver circuits 
comprises: 

a. input circuitry configured to generate a third display timing signal in response to 
a signal c o m po n e nt o f the second display timing signal; 

b. a second plurality of delay elements for delaying the third display timing signal; 

and 

c. a plurality of taps coupled between select delay elements of the second plurality 
of delay elements for tq>ping delayed portions of the third display timing signal. 
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40. (currently amended) A display having pixels arranged in an array of rows and 
colmnns, -^"^^ Airmiifry iny'.^^i^inp ft mw d river for each row of the arrav, the row driver 
circuitrv fer applying a row enable signal to a selected one of tiie rows 1x> enable the pixels 
within the selected row, and column driver circuitry including a c olumn driven for each column 
of the airav for driving voltages onto the columns of the display for storage in the pixels of the 
selected row, the rows of the display including at least a first row located relatively proximate to 
the column driver circuitry and at least a second row located relatively distant from the column 
driver circuitry, each of the voltages yo ltage driven onto a column the columns being subject to 
a propagation delay as [it is] such voltages are conducted along the column columns as 
measured between the first row and the second row, the display comprising: 




a. a plurality of successive row signal delay elements within the row driver 
circuitry which are operatively coupled together such that a signal propagating through 
the plurality of successive row signal delay elemrats is increasingly delayed as it 
propagates through each successive row signal delay element; 



b. a plurality of signal taps associated vwth selected points among the plurality of 
successive row signal delay elements; and 

c. circuitry configured to select a first signal tap from among the plurality of signal 
taps which will approximate the propagation delay of the v o ltage voltages driven onto a 
cotom the columns as i t r eaches such voltages reach the second row. 
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